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Summary  
The degree of cartilage changes by arthroscopic and radiologic examination was evaluated in a retrospective, 
cross-sectional study of 1012 patients with knee complaints at different imes after knee injury. Patients were classified 
by age, sex, trauma date and type of injury. The condition of the cartilage was graded on a 1-10 scale based on findings 
at arthroscopy and on weight-bearing radiographs. Patients with injury to the anterior cruciate ligament (isolated or 
combined with injury to meniscus or collateral ligaments) showed the first radiologic signs (joint space narrowing) of 
osteoarthritis (OA) at an average age of about 40 years, while patients with isolated meniscus injury had the same stage 
of disease at an average age of about 50 years. Both study groups displayed the first radiologic signs of OA on average 
about 10 years after the injury and showed increasingly serious arthroscopic and radiologic signs of joint damage with 
increased time between injury and examination. For patients who sustained an isolated meniscus injury between the ages 
of 17 and 30, the average time until development of radiologic signs of OA was about 15 years, while for those who had 
the same injury over the age of 30, the corresponding time interval was only about 5 years. We conclude from this that 
knee OA becomes increasingly severe with increased time between joint injury and examination. OA changes appear 
sooner in older patients with knee injury than in the young. 
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I n t roduct ion  
POST-TRAUMATIC OSTEOARTHRITIS has several  
advantages  as a model  for al l  os teoarthr i t i s  (OA): it 
provides a relat ively homogeneous  subset f rom the 
otherwise heterogeneous  OA populat ion,  the 
beg inn ing of the disease process can be identif ied by 
the t ime and date of t rauma,  an early and precise 
diagnosis of the in jury can be provided by 
ar throscopy  and finally, the disease progress ion may 
be comparat ive ly  rapid and appear  ear ly in life. 
Knowledge of the course  of development  of cart i lage 
damage after  knee l igament  in jury is requi red when 
new methods of t reatment  are to be eva luated and 
when disease development  is to be compared  with 
that  in other  OA groups. The incidence of pat ients  
who seek medical  care because of meniscus and 
cruc iate  l igament  in jur ies was shown to be 6.6 and 
3.1 per 10 000 per year, respect ively [1, 2]. 
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Jo in t  cart i lage changes in the knee after  in jury  to 
l igaments  and menisc i  have been descr ibed in 
several  reports.  Appel  s tud ied  440 pat ients  4-43 
years af ter  tota l  men iscectomy and found degenera-  
tive changes in 36% at fol low-up [3]. In other  reports,  
groups of 40-210 pat ients  wi th  meniscus in jury  have 
been retrospect ively  studied for 5-20 years  af ter  
meniscectomy and radio logic changes cons is tent  
wi th  post t raumat ic  OA found in 2(L60% of  the cases 
[4-9]. Similarly, rupture  of the anter io r  cruc iate  
l igament,  isolated or assoc iated with in jur ies to the 
col latera l  l igaments or the menisci ,  leads to 
radio logic changes cons is tent  w i th  OA in 60-90% of 
such pat ients  1~15 years af ter  in jury [9-14]. Due to 
di f ferent cr i ter ia  for radio logic OA and the smal l  
numbers  of pat ients  in these retrospect ive studies, 
compar isons  are uncerta in .  The r lat ive impor tance  
of  di f ferent types of knee l igament  in jur ies and 
modes of t reatment ,  and the inf luence of age at 
in jury and t ime after  injury, is diff icult to ascerta in.  
In the present  retrospect ive,  cross-sect ional  s tudy 
we have evaluated the radio logic and ar throscop ic  
cart i lage changes in pat ients  wi th  knee compla ints  
at dif ferent t imes after  injury. The inf luence of the 
type of  injury, age at the t ime of t rauma,  t ime 
between in jury and examinat ion  and pat ient  gender 
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on the degree of joint cartilage changes at 
subsequent examination were analyzed. 
Pat ients  and methods  
Between 1986 and 1991, 1212 observations of 1012 
patients with knee complaints, either caused by an 
acute knee injury or by chronic symptoms caused by 
previous injury, were registered in this study at the 
Department of Orthopedics, Lund University 
Hospital. All patients were classified by age, sex, the 
time of trauma or onset of symptoms and type of 
injury (Table I). The time interval from trauma or 
onset of symptoms to examination was calculated.,~ 
All patients had weight-bearing radiographic 
examination and arthroscopy performed. Radio- 
graphic changes and cartilage changes at 
arthroscopy were noted. 
Two study groups of patients with knee symptoms 
were identified (Table I): patients with an anterior 
cruciate ligament injury, isolated or combined with 
meniscal or collateral igament injuries (ACLC); 
patients with an isolated meniscus injury but no 
other associated injury (MENI). The ACLC group 
contained 112 patients with isolated anterior 
cruciate rupture diagnosed by arthroscopy. How- 
ever, since isolated cruciate injuries are uncommon 
[10] and this group did not differ in demographic 
characteristics or OA development from those with 
combination injuries (data not shown), we present 
all patients with an anterior cruciate ligament 
injury as  one group, When analyzing the OA 
changes following injury, examinations done in the 
acute phase after injury (less than 6 months from the 
injury) were excluded. Thus, only the 'chronic' 
patients with more than 6 months between injury 
and examination were included in the analysis of 
the influence of time on the stage of OA changes 
after injury (Table I). In order to analyze for the 
influence of age at injury, the chronic ACLC and 
MENI groups were further separated into two 
subgroups, depending on whether the patient was 
older or younger than 30 years at the time of trauma 
or onset of symptoms. None of the patients with 
anterior cruciate l igament injuries were surgically 
treated by reconstruct ion before the time of 
examination. Out of 490 cases in the chronic 
meniscus injury group (Table I), 401 had no meniscal 
surgery before examination. The remaining 89 cases 
were examined at a median of 3 years after meniscal 
surgery and 4 years after injury. On analysis, this 
surgically treated subgroup did not differ with 
regard to age, gender distribution or OA changes 
from the main group with meniscus injuries (data 
not shown). Patient groups with or without previous 
meniscal surgery were therefore combined for 
subsequent analysis. 
The condition of the joint cartilage was graded on 
an arbitrary scale (OA score) from 1 to 10 based on 
a combination of findings at arthroscopy and/or 
radiography [15]. The arthroscopic grading, 
modified after Outerbridge [16], evaluates the 
cartilage in the three joint compartments and the 
radiographs are classified according to Ahlbfick 
[17]: 1, normal joint cartilage by arthroscopy; 2, 
superficial fibrillations limited to one compartment; 
3, superficial fibrillations in more than one 
compartment; 4, deep cartilage clefts limited to 
one compartment; 5, deep cartilage clefts in more 
than one compartment; 6, subchondral sclerosis and 
minimal joint space decrease on standing X-ray 
films in at least one compartment; 7, more than 50% 
but less than 100% loss of joint space in at least one 
compartment; 8, 100% reduction in joint space in at 
Table I 
Patient group 
Age at 
Group* No. Male/female Trauma age t examination t 
ACLC 564 397/167 27 [8.1] 30 [8.9] 
ACL chronic 386 276/110 27 [7.7] 31 [8.8] 
ACLC 17-30 259 174/85 22 [3.6] 27 [5.3] 
ACLC > 30 127 102/25 36 [5.1] 41 [6.5] 
MENI 648 486/172 37 [11.7] 40 [11.7] 
MENI chronic 490 354/136 37 [11.8] 41 [11.8] 
MENI 17-30 157 112/45 24 [3.9] 29 [8.9] 
MENI > 30 333 242/91 43 [8.6] 46 [8.8] 
*ACLC, Isolated and combined anterior cruciate ligament injuries. MENI, isolated 
meniscus injuries. ACLC/MENI chronic represent patients with a knee trauma > 6 months 
before xamination. ACLC/MENI 17-30, patients with knee trauma between 17-30 years of 
age and injury > 6 months before xamination, ACLC/MENI > 30, patients with knee trauma 
after the age of 30 and injury >6 months before xamination. 
tValues given are arithmetic means [S.D.]. 
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Fro. 1. The age distribution of injuries to anterior cruciate 
ligament or meniscus. ACLC (open bars): patients with 
anterior cruciate ligament injury with or without 
associated tears of the meniscus or collateral ligament. 
MENI (shaded bars): patients with isolated meniscus 
injury. 
least one compartment; 9, bony erosion less than 
5 mm; 10, bony erosion more than 5 mm. Patients 
with OA scores 1-5 thus all showed normal standing 
X-ray films for subchondral sclerosis and joint space. 
The study was not consecutive, since only patients 
from whom a sample of joint fluid and serum for 
cartilage marker analysis was taken at the time of 
arthroscopy were included. This was dependent on 
whether the arthroscopist took part in the sampling 
study or not and not on the patient, resulting in an 
unbiased and essentially random selection of about 
50% of all available patients during the time period. 
The same type of patients were on the arthroscopy 
program each day, consisting of one or two patients 
with acute knee i.nj uries and the remainder f om the 
waiting-list with long-lasting knee problems. 
Patients under the age of 17 at the time of injury or 
onset of symptoms were excluded. 
Statistical analyses of the relations between the 
OA-score and its determinants were performed 
using ordinal-scale polychotomous logistic regres- 
sion, since the distance between the different stages 
in the OA-score were not assumed to be equal. All 
P-values are two-tailed. A significance level of 5% 
was used. All differences discussed as such are 
significant at this level or better. 
Resu l ts  
DISTRIBUT ION OF  TRAUMA AGE 
The cruciate ligament injuries occurred 
mainly before the age of 25 years and only few 
were diagnosed after the age of 40. The meniscus 
injuries showed a high incidence between the 
ages of 20-30 but also between 35-50 years 
(Fig. 1). Although both cruciate l igament injuries 
and meniscus injuries were more common among 
males, cruciate injuries were more common among 
females below the age of 20 (Fig. 2). 
AGE AT  OA ONSET AND OA DEVELOPMENT 
The study groups showed increasingly advanced 
arthroscopic and radiologic signs of carti lage 
damage with increased time after injury or onset 
of symptoms (Fig. 3). For both injury groups, an 
average of about 10 years after the trauma lapsed 
before the first radiographic signs of OA appeared. 
A multivariate analysis howed that both age and 
the time interval between trauma and examination 
were independent factors which influenced the 
degree of cartilage damage after cruciate and 
meniscus injuries (P ~< 0.001). 
Patients with cruciate l igament injury (ACLC) 
showed early stage radiologic hanges (OA score 6) 
at about 40 years of age, with no difference between 
combined or isolated injuries (Fig. 4). In compari- 
son, patients with isolated meniscus injury were 
about 10 years older when they presented with the 
same stage of OA development. The same time-re- 
lated patterns of joint changes were seen indepen- 
dent of the sex of the patient. 
In order to analyze the influence of different ages 
at injury on the degree of OA changes at subsequent 
examination, each chronic trauma group was 
divided into two: age below or above 30 at injury 
(Fig. 5). For meniscus patients who were between 
ages 17 and 30 at knee trauma, the average time from 
injury to the first radiologic signs of OA (joint space 
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FIG. 2. The distribution of males and females in the two 
injury groups according to age at trauma. See Fig. 1 for 
abbreviations and legend. 
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FIG. 3. Stage of joint cartilage changes (OA score) related 
to average time between injury and examination for 
patients with chronic ACL and meniscus injury (more 
than 6 months between injury and examination). Lines 
represent linear regression for each injury group. The 
horizontal dashed line represents OA stage 6, the first 
stage with radiologic changes indicating OA. y - -y ,  
ACLC chronic; O- " -O ,  MENI chronic. See Fig. 1 for 
abbreviations. 
narrowing) was about  15 years. When the same 
in jury occurred after  the age of 30, the correspond-  
ing t ime interval  was s ignif icant ly shorter,  or only 
about  5 years. A s imi lar  but  not  s ignif icant 
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FIG. 5. Stage of joint cartilage changes (OA score) related 
to average time between injury and examination for 
patients aged 17-30 or over 30 at the time of joint injury, 
all with more than 6 months between injury and 
examination. V - -V ,  ACLC 17-30, patients with anterior 
cruciate ligament injury between the ages of 17 and 30; 
V -Y ,  ACLC > 30, patients with anterior cruciate 
ligament injury after the age of 30; O • " • O, MENI 
17-30, patients with meniscus injury between the ages of 
17 and 30; • • • - • ,  MENI > 30, patients with meniscus 
injury after the age of 30. See Fig. 3 for explanations. 
(P=0.067) inf luence of age was seen for OA 
development  after  cruc iate  l igament  injury. 
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FIG. 4. Stage of joint cartilage changes (OA score) for the 
study groups related to average age at examination. Only 
patients with chronic injury (more than 6 months between 
injury and examination) are included. Lines represent 
linear regression for each age and study group. Y - -V ,  
ACLC chronic; O- " -O ,  MENI chronic. See Fig. 3 for 
explanations. 
MENISCAL SURGERY AND TYPE OF MENISCUS LESION 
As noted, only 89 pat ients  had menisca l  surgery 
before the examinat ion;  this group did not  differ 
in any s ignif icant respect  from the meniscus 
group wi thout  previous surgery (data not  shown). 
Meniscus lesions were categor ized accord ing to 
type (radial, longitudinal ,  flap, degenerative). 
Lesions of the degenerat ive type were, as expected, 
more  common with h igher  age. F lap and degenera- 
tive tears  were associated wi th  more advanced OA 
changes than  other  ~ypes of lesions, even wi th  a 
comparable  length of t ime between in jury and 
examinat ion  (data not  shown). 
Discuss ion  
We have studied a group of pat ients  who sought  
medical  a t tent ion  at a Univers i ty  Hospi ta l  Ortho- 
pedic Depar tment  because of symptoms from their  
knee leading to rad iographic  and ar throscopic  
examinat ion.  The pat ients  had a previous in jury to 
menisc i  or anter io r  cruc iate  l igament.  Therefore, 
this is not  a study of the incidence or rate of 
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development of cartilage changes in the knee 
injured population as a whole, but represents hose 
individuals with symptoms ignificant enough to 
seek medical care. We have, when comparing the 
different study groups, made the assumption that 
the patients in the different groups would seek 
medical attention at a comparable degree of 
symptoms. The results of this study should thus 
mainly be regarded as hypothesis generating and 
will require focused, long-term prospective investi- 
gations for confirmation. 
Very few prospective studies have been published 
which describe the outcome of meniscus or cruciate 
ligament injuries with regard to OA development 
[8]. Most studies have been retrospective, cross-sec- 
tional and on limited numbers of patients 
[5-7, 9-13, 18]. We have, in the present retrospective 
cross-sectional study, examined a large number of 
patients and, importantly, related the degree of 
cartilage changes to the length of the time interval 
after injury and age at injury. We confirm that 
cruciate ligament injuries occur mainly in males 
between 20-30 years of age [10, 19]. Females are in 
majority under the age of 20 in this study group, in 
conformity with other studies (Fig. 2) [20, 21]. The 
reason may be that females have less muscular 
protection. After the age of 20, females are probably 
less active in sports with high risk for knee injury 
than are males. The age distribution of isolated 
meniscus tears was quite different from that of the 
cruciate ligament injuries, and suggested a bimodal 
distribution with a second peak in the 35-50 year age 
interval (Fig. 1). 
Similar to previous studies on patients with 
knee injury, we show that many of these patients 
develop radiologic signs of OA at a young age 
and therefore present a considerable therapeutic 
challenge [9-14]. However, our results further 
suggest hat patients with a tear of the cruciate 
ligament, isolated or combined, show radiologic 
signs of OA at a younger age than patients with a 
meniscus tear only (Fig. 4). 
A multivariate analysis of the influence of age 
at injury and time after trauma on the OA score 
showed that these factors independently influence 
the degree of OA changes at examination. Thus, 
in all injury groups, increasingly serious arthro- 
scopic and radioiogic signs of cartilage damage were 
observed with increasing time after onset of 
symptoms and injury (Figs 3 & 5). The importance 
of the time interval after injury has been pointed out 
by several authors [5, 13, 22, 23], while others have 
failed to confirm this relationship [7, 9]. 
In accordance with the results of the multivariate 
analysis, we found a marked influence of age 
at meniscus injury on the stage of cartilage changes 
at subsequent examination. Patients with this 
injury between 17 and 30 years of age did not show 
radiologic signs of OA until about 15 years after the 
trauma, while the corresponding time for patients 
with meniscus tear after the age of 30 was only about 
5 years (Fig. 5). Interestingly, it was recently 
suggested that radiographic hanges of both hand 
and knee OA progress at a more rapid rate with 
increasing age [24, 25]. Moreover, the chondrocytes 
in articular cartilage from skeletally mature rabbits 
are much less effective than those from adolescent 
animals in repairing damage caused by intraarticu- 
lar protease injection [26], and the responsiveness of 
connective tissue cells to growth factors may 
decrease with age [27, 28]. 
The marked increase in the apparent rate of 
injury-induced OA progression with age could, as 
previously suggested, thus arise by several mechan- 
isms [29]. First, the joint cartilage matrix of the 
older individuals may be less able to withstand the 
increased mechanical loading caused by the lack of 
a functional meniscus. Second, the chondrocytes 
of the older cartilage may be less able to repair 
and replenish an injured matrix than cells of a 
younger tissue. Third, the meniscus tear may take 
place in a joint with a cartilage and meniscus matrix 
the properties of which are already changed at the 
time of apparent tear. The tear thus takes place in 
a joint with early-stage OA changes both in the 
meniscus matrix and joint cartilage matrix, a 
'degenerative meniscus tear' arises from minor 
trauma but is a part of the OA development. This 
would contrast o the tear of a normal meniscus 
in the younger individual usually arising from 
a more severe trauma to both meniscus and joint 
cartilage. Still, the apparent rate of OA development 
is slower in the younger patient. 
The pathogenesis of cartilage damage and OA 
following joint injury is uncertain. Some or all of the 
following factors have been suggested to play a role: 
chronic instability resulting in mechanical over- 
load, chronic low-grade synovitis, and injury to the 
joint cartilage and subchondral bone plate in 
connection with the trauma [30]. An acute tear of 
the anterior cruciate ligament is often associated 
with damage to other joint structures such as joint 
capsule, menisci and cartilage [31]. Further, 
secondary tears of the menisci may with time occur 
in the unstable knee [11, 21, 32]. Recent investi- 
gations based on MRI have shown that acute tears 
of the anterior cruciate ligament are commonly 
associated"with osseous and subchondral lesions 
[33-35]. These lesions are usually not appreciated on 
routine roentgenograms or at arthroscopy, but are 
in conformity with the findings of greatly increased 
concentrations of markers of cartilage matrix 
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metabolism in joint fluid in connection with trauma 
[36]. Axial loading has in animals created amage to 
the subchondral bone and calcified cartilage, not 
visible on arthroscopy, which may contribute to the 
development of posttraumatic OA [37]. Loading 
great enough to cause bony lesions could exceed the 
threshold beyond which the cartilage can repair or 
recover [38]. Alternatively, the osseous lesion could 
heal into a stiffer construct than normal bone and 
thus generate a greater load to the art icular 
cartilage [18, 39]. 
Prospective, longitudinal studies which follow the 
progression of changes in joint cartilage 
morphology, biomechanics, biochemistry and 
metabolism after joint injury will be needed to 
understand the mechanisms of development of 
posttraumatic and to validate the results of this 
study. Such knowledge may then be applied to an 
assessment ofthe efficacy of attempts by surgery or 
other means to prevent the development of OA after 
joint injury [40]. 
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